The phase diagram of the deuteron glass Rbq (ND4), DsPO4 has been determined experimentally in the entire range of concentration z. A recently introduced temperature-frequency plot has been used to analyze the shape of the dielectric relaxation spectrum, indicating that in the glassy regime the longest relaxation time diverges according to the Vogel-Fulcher law. The corresponding Vogel-Fulcher temperature has been identified as the static limit of the freezing temperature Ty. The phase boundaries of the ferroelectric and antiferroelectric phases have been obtained in a standard manner by observing the peaks and breaks, respectively, in the temperature dependence of the quasistatic dielectric constant. It is shown that in a broad concentration range the observed phase diagram can be quantitatively described by a mean-field theory based on the static random-bond random-field model of dipolar glasses. The absence of macroscopic polarization in the ferroelectric region close to the glassy phase is probably due to the formation of microdomains in the presence of local random fields, however, recent NMR data suggest that a phase segregation between ferroelectric and glassy regions may occur.
I. INTRODUCTION
The dynamics of the &eezing transition in spin glasses and their electric analogues, namely, proton and deuteron glasses, has remained one of the central problems in condensed matter physics.
In the latter category, the mixed ferro electric-antiferroelectric solid solution Rbq (ND4) D2P04 (abbreviated as DRADP-2:) has probably been investigated more thoroughly than any other glassy system,~2 however, its (z, T) phase diagram is still not completely understood. The main difBculty is -like in any other glassy system -the extreme slowing down of the relaxation process on approaching the freezing temperature Tf, which is furthermore characterized by many time scales. ' Typically, the observed splitting between the 6eld-cooled and zero-6eld-cooled dielectric constants yields a value for Tf which depends on the experimental time scale t, "~q, i.e. , TI -- TI(t,"vq Obviously, random dipolar interaction in DRADP and related systems are not infinitely ranged, thus raising some questions about the applicability of mean-field argurnents to real systems. Consider, for example, the free energy of a glassy system, which is commonly described as a rugged surface in the multidimensional space of local polarizations, characterized by a set of local minima separated by high potential barriers. If the interactions are infinitely ranged, the barrier heights become infinite at the freezing temperature, and aH relaxation times characterizing the transitions between these minima diverge.
In a system of finite-range interactions, however, only a fraction of these barriers are expected to become infinite, implying that only the longest relaxation time will diverge at the transition, in agreement with the dynamic picture of dielectric relaxation. Another indication of the existence of finite barriers below Ty in real systems is the fact that remanent polarization continues to decay in the &ozen phase, clearly indicating that the bulk of the relaxation spectrum remains active. One may thus conclude that the static equations of the infinite-range xnodel can only provide an approximate description of the phase boundary, and its predictions need to be tested for each particular system. So far, the static RBRF model has proven its validity in a variety of experimental studies and its application to the present problem thus seems justified.
In Sec. II of this paper we describe the experimental technique, and in Sec. III the temperature-f'requency plots used in data analysis. This is followed in Sec. IV by a determination of the phase diagram based on the equations of the random-bond random-field model. Finally, in Sec. V we summarize our results.
II. EXPERIMENT
The complex dielectric constant was measured along the tetragonal a axis of DRADP-x platelets with various ammonium concentrations.
Crystals of DRADP-z grown from aqueous (DzO) solution were cut and polished to get samples having typical dimensions 5 x 5 x 1 mm with planparallel surfaces normal to the tetragonal a axis. The electrodes were made using the Degussa silver paint. It has been found that the field-cooled and zero-field-cooled static susceptibilities match on the experimental time scale t, "pt in which the polarization charge is accumulated after switching on the electric field.
III. TEMPERATURE-FREQUENCY PLOT
The standard Cole-Cole plots described above give a clear indication that the relaxation spectrum of DRADP in the glassy regime is polydispersive and asymmetric, and furthermore its asymmetry increases strongly on lowering the temperature. In order to analyze the dielectric dispersion quantitatively one needs a specific model for the relaxation spectrum g(ln v ) containing the above general features. As already mentioned, the choice of g (inc) is greatly facilitated by introducing the temperature- Fig. 8 . Since the value of I(u, T) is determined solely by the relaxation spectrum g(z) including its cutofFs zi and zz, the (T, v) plots are expected to provide insight into the temperature variation of the various segments of g(z). (9) Clearly, for small values of b only the part of g(z) near zi will contribute, and thus the filter will probe the shape of the relaxation spectrum near its lower cutoff. In particular, the temperature dependence of I(ur, T) will be mainly determined by the behavior of zi (T). On the other hand, for b close to 1, the filter will scan the function g(z) near its upper cutofF, and I(u, T) will mirror the temperature behavior of z2(T) .
The point we wish to emphasize here is that the above qualitative conclusions remain applicable if instead of the approximate relation (7) one considers the exact value of I(ur, T). The latter can, of course, be gained by evaluating the integral in Eq. (4) numerically with a trial function g(z). Therefore, a mere inspection of the plotbefore any calculated curves have been drawn -should provide a reliable qualitative description of the temperature variation of the relaxation cutofFs zi(T) and z2(T).
For example, in the plots presented in Fig. 8 Fig. 7 and has in general produced very good results, in particular in the low-&equency range. In the present analysis we have explicitly focused on the upper, i.e. , long time part of the relaxation spectrum, which shows divergent behavior and hence contains information about the freezing process.
It should again be stressed that the (T, v) plots were introduced in order to obtain a qualitative description of the asymmetric behavior of the relaxation spectrum, including its cutoffs. The essential information supplied by these plots is that only the upper cutoff scales according to the VF law, not each part of the relaxation spectrum, as already pointed out in the Introduction following Eq.
(3). In fact, one can show that if in evaluating I(~, T) one assumes a VF scaling of each relaxation time in the spectrum, the resulting (T, v) profiles will all diverge at the same temperature Tp, in obvious disagreement with the data. Since v "=~2 diverges as T m Tp, the present method clearly suggests that the fit parameter Tp corresponds to the static or equilibrium value of the &eezing texnperature Tf (t,"~t -i oo), which would in principle be observable on an in6nite time scale only.
Finally, we note that in any actual experiment one cannot measure the dielectric dispersion at a fixed value of 
together with Eq. (14) (1987) .
